The technological advancement, which took place in the last thirty years, has contributed to the development of sonography. With the creation of various new scanners and transducers, the imaging of the largest human organ, i.e. the skin, has become possible^([@CIT0001])^. The first works on skin imaging began over 40 years ago. The pioneers, who as the first ones published a paper concerning the assessment of the skin by means of 15 MHz transducer, were Alexander and Miller^([@CIT0002])^. Alexander and Miller performed A-mode examinations thanks to which they managed to measure the thickness of the skin. Although high-frequency A-mode ultrasound is still used in ophthalmology, its application in skin imaging is limited since it allows for obtaining information concerning only one parameter, i.e. for measuring the thickness of a given structure. In the following years, more and more reports concerning skin imaging appeared. Nevertheless, the real breakthrough was brought about by the invention of high-frequency ultrasound transducers (above 20 MHz)^([@CIT0003]--[@CIT0005])^. Since then, a dynamic development of skin examinations has been observed. The examinations connected with skin imaging focus on two aspects. The first of them is related to the diagnosis of healthy skin and to monitoring the changes occurring within it that result from various factors^([@CIT0006]--[@CIT0008])^. In the case of the healthy skin, based on its thickness and echogenicity, the researchers attempt to describe the changes caused by natural ageing processes and photoageing connected with excessive exposition to ultraviolet radiation. They also try to determine sex-related differences^([@CIT0006],\ [@CIT0007])^. As Waller and Maibach^([@CIT0006])^ indicate, there is no agreement among researchers concerning the changes of the skin\'s thickness occurring with age. Several papers demonstrated that the dermis is the thickest in young persons and subsequently, it becomes thinner with age. Other authors claim that it is not the age, but external factors, such as UV radiation, that play a crucial role in the change of the thickness of the dermis. The changes in the echogenicity of the skin are also interpreted in various ways. Nonetheless, most of the researchers confirm that in the ageing skin, echogenicity undergoes changes and a subepidermal anechoic band appears, so-called SLEB (subepidermal low-echogenic band). Such divergent results obtained by different researchers may be disturbing, but one should remember that their studies were conducted with the use of different scanners, there were few such trials and what is more, the examinations were performed on the skin in various localizations. In such a situation, large randomized studies would be desirable. What is more, attempts are also made to assess the activity of skin irritating factors by means of high-frequency ultrasound^([@CIT0008])^. Seidenari demonstrated that ultrasound allowed for monitoring the inflammation caused by the application of acids on the healthy skin. Apart from the assessment of the healthy skin, ultrasound is also used in dermatology. Above all, it is used for imaging of the pathologically altered skin and for monitoring the course of treatment^([@CIT0009]--[@CIT0011])^. One of the first diseases assessed by sonography is scleroderma^([@CIT0009])^ -- both ultrasound diagnosis and monitoring the course of treatment are possible. With the appearance of high-frequency equipment, in the field of dermatology, numerous studies were started whose aim is to visualize and differentiate between focal lesions^([@CIT0010])^. Currently, sonography allows for imaging of the majority of neoplastic lesions of the skin, both benign and malignant, measuring such changes and evaluating them in relation to adjacent tissues. Unfortunately, it is still not possible to differentiate between such lesions based on ultrasound presentation. The studies concerning the foregoing issues are being conducted continuously, the proof of which is a recently published article^([@CIT0011])^ whose author indicates characteristic features of basal-cell carcinoma based on ultrasound images.

Skin ultrasound examinations are becoming more and more popular which is proven by the growing number of academic publications as well as by the number of scanners for skin imaging available on the market. Furthermore, ultrasound scanners for skin examinations more and more frequently constitute an integral element of the equipment used in aesthetic medicine for lifting or silhouette modeling. For instance, Ulthera^™^ (Ulthera, Inc., Arizona, USA) and Doublo Hironic (Hironic Co., Ltd., Korea) are applied for non-surgical facelift procedures where the obtained skin image constitutes the basis for the selection of surgical parameters and monitoring the course of the procedure. Another example of equipment in the field of aesthetic medicine that uses ultrasound examinations is Storz Medical, a device for silhouette modeling. In this case, sonography is used to assess the skin prior to the commencement of the therapy and to monitor its course.

Apparatus {#S0001}
=========

Skin ultrasound examinations may be performed by means of high-frequency scanners and modern, high-class conventional machines.

High-frequency apparatuses are equipped with singleelement mechanical transducers with the frequency of 20--100 MHz^([@CIT0010],\ [@CIT0012])^. At present, there are a few machines available on the market that are dedicated to skin examinations. DermaScan by Cortex Technology (Denmark) is one of the best known scanners with the transducers with the frequency ranging from 10 to 50 MHz. This apparatus also supports the option of saving three dimensional (3D) images. Another popular ultrasound machine for skin examinations is Episcan ([fig. 1](#F0001){ref-type="fig"}) by Longport International (Great Britain, USA) which is available with the transducers of 20--50 MHz. Since 1986, DUB^®^ scanners by a German company taberna pro medicum GmbH are also on the market. In the beginning, such machines were equipped with the transducers of 20 MHz. Currently, the producers offer a wide range of transducers, reaching even 75 MHz. This year, a high-frequency ultrasound scanner DermaView by Dramiński company with the transducer of 48 MHz ([fig. 2](#F0002){ref-type="fig"}) made its debut on the Polish market. What is more, the Institute of Fundamental Technological Research of the Polish Academy of Sciences led by Professor Andrzej Nowicki has been working on their high-frequency apparatus for over 20 years. This team has created *µ*Scan machine which is continuously upgraded and perfected ([fig. 3](#F0003){ref-type="fig"}). Currently, *µ*Scan is used with the transducer of 35 MHz. Unfortunately, such equipment is not yet available for sale. All the abovementioned scanners are equipped with specialist software enabling the performance of basic measurements as well as saving and archiving obtained images. Some of the high-frequency transducers allow for color imaging (in green, red or blue depending on the settings of an apparatus).

![High-frequency ultrasound scanner Episcan (Longport Int., USA) with a mechanical transducer of 50 MHz](JoU-2013-0021-g001){#F0001}

![High-frequency ultrasound scanner DermaView (Dramiński, Poland) with a mechanical transducer of 48 MHz](JoU-2013-0021-g002){#F0002}

![High-frequency ultrasound scanner μScan with a mechanical transducer of 35 MHz created in the Institute of Fundamental Technological Research of the Polish Academy of Sciences: **A**. a model from a few years ago; **B**. current appearance](JoU-2013-0021-g003){#F0003}

Nevertheless, to perform skin ultrasound examinations, conventional scanners with broadband linear-array transducers may also be used. Thanks to outstanding technological progress and the introduction of a range of options that improve imaging, such as harmonic imaging, skin examination is rendered possible even with the use of broadband linear-array transducers with the frequency of 12--18 MHz. Moreover, linear transducers with the frequency of 20 MHz are more and more often available on the market. A new option, which might prove useful in skin imaging, is elastography.

Last year, a Canadian company, Ultrasonix, created and introduced to the market an electronic, multi-element linear transducer with the frequency of 40 MHz ([fig. 4](#F0004){ref-type="fig"}) which is supported by conventional ultrasound machines. This is an innovation and, probably, a breakthrough in high-frequency ultrasound. This transducer also allows for the performance of vascular examinations with power Doppler, pulse Doppler or color Doppler options, which is highly useful in the assessment of vessels running in the dermis and subcutaneous tissue.

![Conventional ultrasound scanner Sonix (Ultrasonix, Canada) with an electronic, multi-element linear transducer with the frequency of 40 MHz](JoU-2013-0021-g004){#F0004}

Ultrasound image of the skin {#S0002}
============================

In the ultrasound image of the healthy skin, three basic layers may be distinguished: epidermal echo, dermis and subcutaneous tissue^([@CIT0012],\ [@CIT0013])^, which correspond to the anatomical structure of the skin^([@CIT0014])^ ([fig. 5](#F0005){ref-type="fig"}). Depending on the ultrasound scanner and the frequency of the transducer, images of various resolutions may be obtained. The higher the resolution, the lower the depth of ultrasound beam penetration into the skin. This allows for the visualization of the greater number of details. Therefore, for a thorough assessment of the skin, high-frequency equipment is irreplaceable ([fig. 5](#F0005){ref-type="fig"}).

![Ultrasound image of the skin with visible three layers: epidermal echo, dermis and subcutaneous tissue: **A**. image obtained by means of a classical scanner Philips HD11 XE with a linear-array transducer; **B**. scan obtained by means of a high-frequency ultrasound machine Episcan with a mechanical transducer of 50 MHz](JoU-2013-0021-g005){#F0005}

The first layer visible from the head of the transducer is a hyperechoic line that corresponds to the epidermis. In 1992, Altmeyer^([@CIT0013])^ observed that this line is not the epidermis itself, but it is created by the reflections between the ultrasound gel and the surface of the skin as well as the reflections from the epidermis and air bubbles located between the callused epidermal cells. He proposed to call this line an epidermal echo. Currently, when it is possible to visualize the epidermis by means of transducers with the frequency of 50 MHz and more, this idea appears to be correct and the term 'epidermal echo' is still in use.

Beneath the epidermis, lies the dermis. It may be anatomically divided into the papillary dermis (uppermost part of the dermis lying beneath the epidermis) and reticular dermis (a layer located under the papillary dermis)^([@CIT0014])^. The papillary dermis constitutes circa 20% of the dermis^([@CIT0014])^ and contains blood vessels and irregularly arranged thin collages and elastin fibers^([@CIT0015])^. On the other hand, in the reticular dermis, which constitutes approximately 80% of the dermis^([@CIT0014])^, the collagen, elastin and reticular fibers are arranged regularly. In terms of echogenicity, the dermis is a heterogeneous layer with hyperechoic reflections of the collagen fibers and hypoechoic ones originating from the extracellular matrix that lies between the collagen fibers. Furthermore, by means of the ultrasound machines supporting the transducers of 30 MHz and more, two layers may be distinguished in the dermis that differ in terms of their echogenicity ([fig. 6](#F0006){ref-type="fig"}). The upper layer is usually thinner and presents decreased echogenicity in comparison to the lower one. This diversification of the dermal image results from the anatomical structure of the skin. As was shown above, the papillary dermis includes a lower number of the collagen fibers and they are much thinner. Therefore, they reflect ultrasounds in a weaker way. This results in lower echogenicity as compared to the echoes of the collagen fibers situated in the lower layer -- they are thicker and thus, produce stronger echoes. Unfortunately, the division of the skin into the upper and lower layers as seen in the ultrasound image, may not be strictly understood as the division into the papillary and reticular dermis.

![Ultrasound image of the dermis with its visible division into the upper and lower layers: **A**. image obtained by means of a highfrequency scanner Episcan with a mechanical transducer of 50 MHz; **B**. scan obtained by means of a high-frequency ultrasound machine DermaView with a mechanical transducer of 48 MHz](JoU-2013-0021-g006){#F0006}

In some ultrasound images, a thin anechoic band may be observed between the epidermal echo and the dermis ([fig. 7](#F0007){ref-type="fig"}), so-called SLEB (subepidermal low-echogenic band) or SENEB (subepidermal non-echogenic band). SLEB appears in the aged skin or skin subjected to excessive exposition to ultraviolet radiation^([@CIT0016]--[@CIT0019])^. Moreover, the increase in the thickness of SLEB is related to water retention in the papillary dermis^([@CIT0020])^.

![Imaging of the anechoic band lying beneath the epidermis (SLEB) by means of a high-frequency ultrasound scanner Episcan with a mechanical transducer of 50 MHz: **A**. SLEB of slight thickness on the cheek; **B**. well visible SLEB on the dorsal side of the hand](JoU-2013-0021-g007){#F0007}

In the region of the dermis, one may also visualize skin appendages such as nails or hair follicles and openings of the sweat glands ([fig. 8](#F0008){ref-type="fig"}). Depending on the frequency of the transducer and abilities of the examiner, it is also possible to visualize the hair fiber located in the follicle and the arrector pili muscle. Moreover, it is possible to visualize slight blood vessels, including telangiectasias, whose diameters are lower than 1 mm ([fig. 9](#F0009){ref-type="fig"}).

![Ultrasound imaging of the skin appendages: **A**. hair follicles with the arrector pili muscle; **A1**. numerous hair follicles on the chin of a male patient; **B**. nail; **C**. openings of the sweat glands](JoU-2013-0021-g008){#F0008}

![Ultrasound imaging of the vessels in the skin: **A**. Episcan apparatus with a transducer of 50 MHz; **B**. DermaView apparatus with a transducer of 48 MHz; **C**. Sonix apparatus with the linear transducer of 40 MHz and color Doppler option](JoU-2013-0021-g009){#F0009}

The third layer seen in ultrasound images is the subcutaneous tissue. The entire subcutaneous tissue may be assessed in conventional ultrasound scans but high-frequency machines enable the assessment of merely its upper part which is seen as a hypoechoic layer with linear hyperechoic reflections. Due to the fact that the measurement of the thickness of the subcutaneous tissue is particularly significant for aesthetic medicine and cosmetology, there are ongoing works whose aim is to enable its visualization by a single machine. In this case, the solution introduced by Dramiński company, namely, the possibility to decrease the frequency of the transducer, is interesting since it increases the depth of the penetration which enables to visualize the subcutaneous tissue.

Examination technique and assessed parameters {#S0003}
=============================================

Most of the skin ultrasound examinations do not require any particular preparations. Prior to the examination, the condition of the skin to be examined should be assessed visually or by palpation. The patient may assume any position depending on the examined region. The technique of the examination depends on the used ultrasound equipment. Usually, ultrasound gel is placed on the examined region and subsequently, the examination is performed by moving the transducer slowly along the tested region. The highfrequency DUB^®^ apparatus is an exception. In this case, ultrasound gel is not used and the ultrasound transducer is tightly applied to the tested region and subsequently, filled with water. On the one hand, thanks to this solution, the reflections from the foil used in the transducers of other ultrasound machines may be avoided. On the other hand, it is inconvenient and renders the movement of the transducer impossible. If sonoelastography option is used during skin ultrasound examination, the technique depends on the type of elastography provided by the apparatus^([@CIT0021])^.

In ultrasound assessment of the skin, various parameters are taken into consideration such as: thickness of the epidermal echo, dermis and subcutaneous tissue, the surface area of particular layers, thickness of SLEB, calibers of the blood vessels as well as presence or absence of flow in the vessels. A particularly useful parameter is the assessment of the echogenicity of individual layers of the skin or their fragments. Echogenicity may be determined with the use of a number of pixels counted in a given area of interest. Depending on the purpose of the examination, echogenicity may also be analyzed based on the indicator which determines the ratio of pixels from a given range of brightness to the total number of pixels in a given area of interest. Such an indicator was introduced by Gniadecka and Quistorff^([@CIT0022])^ who in their study on determining the level of skin hydration by sonography calculated the ratio of the darkest pixels (ranging from 0--30 in the grey-scale of 256 shades) to the total number of pixels in a given area of interest. The indicator described by Gniadecka was used in the research conducted by one of the authors of this paper^([@CIT0023])^.

Conclusion {#S0004}
==========

Skin ultrasound examinations are becoming more and more popular. They are performed in order to evaluate healthy and pathologically altered skin as well as to monitor the changes taking place in the skin. Such a popularization is conditioned by the technological progress which allows for the production of perfected ultrasound scanners that are cheaper and easy to use. The advantages of sonography itself are also significant, i.e. its non-invasive character, possibility to repeat examinations and mobility. Unfortunately, at present, the lack of uniform examination standards and assessment parameters is noticeable. This frequently renders it impossible for different researchers to compare their results. For the sake of the development of skin ultrasound examinations, it is vital to continue studies in this regard, to conduct large randomized trials as well as to standardize the methodology and propose examination standards.

This paper is an introduction to a series of articles devoted to the clinical application of skin sonography. Its use in aesthetic medicine and phlebology will be discussed in the subsequent issues.
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